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ABSTRACT 


Almost  800  isolates  of  Bacillus  thuringiensis  (Berliner)  are  listed.  Serovar, 
crystal  type,  contributor,  and  historical  information  are  given.  The  isolates  are 
available  to  researchers  on  request.  Index  terms:  Bacillus  thuringiensis 
(Berliner),  bacterial  culture  collections,  catalogs,  insect  control. 


INTRODUCTION 


This  catalog  lists  isolates  of  Bacillus  thur- 
ingiensis (Berliner)  that  have  been  received  in  the 
Brownsville,  Tex.,  laboratories  of  the 
Agricultural  Research  Service,  U.S.  Department 
of  Agriculture.  The  collection  has  been  assembled 
to  offer  scientists  a wide  variety  of  isolates  for 
their  studies  on  insect  control.  Different  isolates 
of  B.  thuringiensis  kill  different  insects,  and  for- 
mulations of  at  least  three  isolates  are  now  or  will 
be  offered  for  sale  in  the  United  States.  A contin- 
uing search  for  new  isolates  with  improved  activi- 
ty against  specific  pest  insects  offers 
considerable  hope  for  broadening  the  scope  of  for- 
mulations of  B.  thuringiensis. 

B.  thuringiensis  is  a spore-forming,  rod-shaped 
bacterium,  1.0  to  1.2  ^tm  wide  and  3 to  5 gm  long. 
It  is  closely  related  to  Bacillus  cereus  (Frankland 
and  Frankland),  but  it  differs  by  having  a distinc- 
tive crystal  in  mature,  sporulated,  normal  cells. 
The  presence  of  this  crystal  is  so  distinctive  that 
the  serovars,  or  varieties,  of  B.  thuringiensis  are 
frequently  referred  to  as  the  crystalliferous 
bacteria. 

B.  thuringiensis  has  long  been  known  to  kill  in- 
sects. It  was  first  isolated  from  diseased 
silkworms,  the  larvae  of  the  moth  Bombyx  mori 
(Linnaeus),  in  1901  by  Ishiwata  in  Japan.  It  was 
next  isolated  from  diseased  larvae  of  the  Mediter- 
ranean flour  moth,  Anagasta  kuehniella  (Zeller), 
in  1911  by  Berliner  in  Germany.  It  was  subse- 
quently found  to  kill  larvae  of  many  species  of 
lepidopterous  insects.  This  led  to  suggestions 
that  B.  thuringiensis  could  be  used  to  protect 
crops  and  forests  from  these  types  of  insect  pests. 

At  first,  it  was  presumed  that  B.  thuringiensis 
itself  was  infectious,  and  the  goal  of  scientists  in- 
vestigating its  value  in  pest  control  was  to  apply 


as  many  spores  per  acre  as  possible.  But  results 
were  erratic.  It  has  since  been  found  that  the 
primary  action  of  B.  thuringiensis  against 
susceptible  insects  is  through  a high-molecular- 
weight,  proteinaceous  toxin  that  it  produces. 
This  toxin,  named  5 -endotoxin  by  Heimpel  in 
1967,  is  associated  with,  or  is  part  of,  the  crystal 
in  sporulated  cells.  Some  isolates  of  B.  thur- 
ingiensis also  produce  other  toxins,  including 
Qf-exotoxin,  /3 -exotoxin,  and  a “louse  factor.” 

In  1962,  de  Barjac  and  Bonnefoi  proposed  that 
B.  thuringiensis  be  classified  into  varieties  ac- 
cording to  the  antigenic  reactions  of  the  flagellae 
(H-antigen)  possessed  by  the  young,  motile  cells 
of  this  species.  Their  system,  supplemented  in 
some  cases  by  specific  biochemical  tests,  is 
universally  used  today.  Originally,  de  Barjac  and 
Bonnefoi  identified  isolates  by  varietal  name  on- 
ly. Now,  isolates  are  preferably  called  “serovars” 
and  are  identified  by  the  H-antigen  and  varietal 
designation.  Thus,  B.  thuringiensis  var.  kurstaki 
would  be  B.  thuringiensis  serovar  3a3b,  kurstaki. 
The  dual  system  is  used  in  this  catalog.  (See  the 
first  entry.) 

As  stated  earlier,  the  5 -endotoxin  produced  by 
B.  thuringiensis  is  associated  with  the  crystal 
present  in  sporulated  cells  of  this  Bacillus.  In 
1977,  Krywienczyk  reported  that  these  crystals 
could  be  differentiated  serologically  and  proposed 
that  serotyping  of  the  crystal  could  be  a useful 
tool  in  the  identification  of  B.  thuringiensis 
isolates.  Later,  Krywienczyk  et  al.  (1978,  1981) 
showed  that  there  was  a correlation  between 
crystal  type  and  the  spectrum  of  insecticidal  ac- 
tivity of  B.  thuringiensis  isolates.  Crystal  type 
has  been  incorporated  as  one  characteristic  in  this 
catalog. 
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Organization  of  Catalog 

Dulmage  culture  A^o.— This  column  lists  the  ac- 
cession number  for  all  isolates  of  B.  thuringiensis, 
and  cultures  are  filed  under  these  numbers.  They 
should  be  used  in  requests  for  cultures. 

Serovar.— As  explained  earlier,  cultures  are 
classified  by  H-antigen,  given  as  a number. 
Numbering  follows  de  Barjac’s  system,  and  her 
decisions  have  been  accepted.  After  the 
H-number,  the  varietal  name  is  listed.  In  two 
cases,  the  H-antigen  designation  is  further  sub- 
divided. H-4a4b  is  divided  by  esterase  patterns 
into  var.  sotto  and  var.  dendrolimus,  and  H-6  is 
divided  by  biochemical  tests  into  var.  subtoxicus 
and  var.  entomocidus.  In  a third  case,  var. 
wuhanensis  has  no  flagellae  and  thus  cannot  be 
serotyped.  If  the  identification  of  a serovar  is 
uncertain,  all  the  possibilities  are  listed.  The 
serovars  are  indexed  at  the  end  of  the  publication. 

Crystal  type.— As  explained  earlier,  crystals 
can  be  differentiated  serologically.  Sometimes, 
isolates  of  the  same  serovar  will  have  different 
crystals;  sometimes  the  same  crystal  type  will  ap- 
pear in  different  serovars.  In  some  cases,  Kry- 
wienczyk  has  identified  more  than  one  crystal  in 
an  isolate;  when  more  than  one  crystal  type  is 
listed  for  a culture  number,  the  word  “and”  is 
assumed.  The  crystal  types  are  indexed  at  the  end 
of  the  pubUcation. 


Contributors.— This  column  lists  the  name  of 
the  scientist  who  sent  the  culture,  and,  if 
available,  his  or  her  culture  number  for  the 
isolate.  The  full  name  and  address  of  the  con- 
tributor are  given  at  the  end  of  the  pubUcation. 

Remarks.— This  column  presents  in  ab- 
breviated form  any  pertinent  data  we  may  have 
on  the  history  of  the  isolate:  from  what  it  was 
isolated,  how  it  was  derived,  or,  if  the  contributor 
was  not  the  scientist  who  originally  isolated  the 
culture,  who  did  isolate  it. 

Ordering  Information 

Up  to  10  isolates  may  be  requested  at  one  time. 
Alternatively,  representative  isolates  of  each 
serovar  may  be  requested,  the  selection  to  be  the 
curator’s.  Complete  sets  of  ail  isolates  cannot  be 
supplied.  No  culture  will  be  released  without  the 
permission  of  the  contributor,  but  most  of  the 
isolates  in  this  catalog  are  available  without  any 
conditions.  Order  by  Dulmage  culture  number 
(HD-  ) and  send  requests  to  the  curator: 

Gail  Donaldson 

Cotton  Insects  Research  Unit 

P.O.  Box  1033 

Brownsville,  Tex.  78520,  U.S.A. 


SELECTED  ISOLATES  REPRESENTATIVE  OF  SEROVARS 

IN  THE  COLLECTION 

These  isolates  have  been  used  in  the  preparation  of  antisera  for  flagellar 
serotyping.  HD-numbers  above  766  are  not  cataloged  in  this  edition. 


HD-Number 

Serovar 

HD-Number 

Serovar 

2 

1,  thuringiensis 

537 

9,  tolworthi 

3 

2,  finitimus 

146 

10,  darmstadiensis 

4 

3a,  alesti 

201 

llallb,  toumanoffii 

73 

3a3b,  kurstaki 

541 

llallc,  kyushuensis 

770 

4a4b,  sotto 

542 

12,  thompsoni 

7 

4a4b,  dendrolimus 

395 

13,  Pakistani 

5 

4a4c,  kenyae 

567 

14,  israelensis 

29 

5a5b,  galleriae 

521 

15,  indiana 

224 

5a5c,  canadensis 

(■) 

16,  dakota 

9 

6,  entomocidus 

866 

17,  tohokuensis 

109 

6,  subtoxicus 

867 

18,  kumanotoensis 

11 

7,  aizawai 

868 

19,  tochigiensis 

12 

8a8b,  morrisoni 

847 

20,  colmeri 

501 

8a8c,  ostriniae 

525 

wuhanensis 

■Not  presently  available  in  collection. 
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i*a4b,  dendrolimus  NI  Lysenko  CCEB  393  Originally  described  as  Bacillus  dendrolimus  (Bacillus 

bombycis)  by  E.  Steinhaus,  U.S.A.  (0-31-1;  no  crys- 
tals— parasporal  bodies  only). 
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'Crystal  type"  column:  NI,  not  identified;  NC,  no  crystals;  AC,  atypical  crystal  type. 
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Slovakia.  Culture  is  a single-cell  isolate  of 
HD-280. 

3a3b,  kurstaki  k-1  de  Barjac  Isolate  derived  from  HD-187. 

5a5b,  galleriae  k-1  de  Barjac  Isolate  derived  from  HD-187. 
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275  Not  identified  aiz  Burges  PIL-126  Isolated  from  Plodia  inter punctella  in  an  insectary  by 

G.  Ayerst,  England  (6.6.63-1). 

276  7,  aizawai  ent  Burges  PIL-128  Isolated  from  Plodia  interpunctella  in  an  insectary 

by  G.  Ayerst,  England  (6.6.63-3). 
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Crystal  type"  column:  NI,  not  identified;  NC,  no  crystals;  AC,  atypical  crystal  type 
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515  Not  Identified  NI  Fast  316-14  Contributor  received  culture  from  0.  Lysenko,  Czei 
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539  10,  darmstadiensis  NI  de  Barjac  10-7  Contributor  received  culture  from  E.  Afrikian,  U.S.S.R 

5^0  llallb,  toumanoffii  NI  de  Barjac  11-1  Contributor  received  culture  from  A.  Krieg,  Germany. 

541  llallc,  kyushuensis  NI  de  Barjac  110-1  Contributor  received  culture  from  M.  Ohba,  Japan. 

542  12,  thompsoni  NI  de  Barjac  12-1  Contributor  received  culture  from  C.  Thompson,  U.S.A. 


BACILLUS  THURINGIENSIS  CULTURES  MAINTAINED  AT  THE  USDA  LABORATORIES,  BROWNSVILLE,  TEX 
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4ai*b,  dendrolimus  NI  de  Barjac  Sid  1.1,  No.  40.30 

Not  identified  NI  Fast  316-31  Contributor  received  culture  from  0.  Lysenko,  Czecho- 

slovakia. Culture  is  a single-cell  isolate  of 
HD-316. 


BACILLUS  THURINGIENSIS  CULTURES  MAINTAINED  AT  THE  USDA  LABORATORIES,  BROWNSVILLE,  TEX 


« 

o 

U 

D 


0} 

4-> 

n a> 
>>  a 
>* 
o -P 


0>  0) 
(0  D 

S -P 


QOS 


o @ 


0} 

X) 

> 

m 

JQ 

c 

X) 

4-> 

X> 

4-> 

X3 

4-> 

x> 

4-> 

X)  x> 

Xi 

•H 

o 

1 

•H 

•H 

•H 

iH 

•H 

rH 

•H 

iH 

•H 

iH 

•H  iH 

•H 

U 

Sh 

@ 

U 

X3 

D 

L. 

D 

U 

0 

Cm 

0 

Sh  0 

&■< 

3 

X> 

CQ 

4^ 

O 

4-> 

O 

O 

4^ 

O 

4^ 

o 

4i  O 

4^ 

s 

c 

c 

a 

C 

C 

c 

C 

c 

0) 

o 

o 

o 

o 

o 

o 

o 

o 

K 

o 

o 

o 

o 

o 

o 

o 

o 

• 

• 

• 

• 

• 

1 

O 

• 

(d 

• 

(d 

• 

(d 

• 

Cd 

• 

(d 

• 

Cd 

o 

*o 

c 

X3 

c 

’V 

c 

c 

x; 

B 

X7 

B 

X3 

o 

c 

•H 

G 

•H 

G 

G 

•H 

B 

♦H 

c 

P 

O 

•H 

<d 

P 

(d 

P 

(d 

P 

(d 

P 

cd 

P 

(d 

P 

O 

rH 

O 

rH 

U 

rH 

CJ 

rH 

O 

rH 

CJ 

rH 

C-7 

N 

o 

P 

bO 

M 

M 

O 

0 

c 

S 

Qh 

c 

Cm 

B 

<M 

S 

<M 

3 

<M 

o 

a 

U3 

o 

W 

o 

Ui 

O 

[xj 

o 

O 

U3 

O 

p 

o 

o 

<d 

K 

o 

«> 

o 

•ik 

O 

C7 

o 

O 

rH 

>>  tH 

>>  *H 

>» 

•iH 

>.  -H 

>>-H 

>>  -H 

c 

o 

CO 

O 

rH 

07 

rH 

0) 

i-H 

07 

07 

rH 

07 

o 

(0 

OQ 

P 

CO 

P 

CO 

P 

CO 

P 

CO 

P 

CO 

P 

OQ 

*H 

o 

(0 

0 

CO 

0 

CO 

0 

CO 

0 

CO 

0 

CO 

0 

>1 

0 

U. 

3 

cx 

3 

iX 

0 

cx 

0 

u. 

0 

cx 

j 

rH 

Q. 

X 

07 

X 

0) 

s 

07 

S 

07 

X 

07 

aa 

07 

rH 

O 

« 

» 

s 

S 

K 

« 

• 

0) 

0) 

• 

• 

• 

• 

• 

• 

O 

o 

CUi 

s 

CO 

s 

CO 

s 

CO 

s 

CO 

s 

CO 

s 

CO 

1 

» 

c 

B 

c 

B 

B 

B 

B 

B 

B 

c 

c 

B 

a 

0) 

a 

a 

(1) 

a 

0) 

a 

07 

a 

07 

a 

0) 

a 

07 

cd 

Cd 

cd 

Cd 

Cd 

Cd 

Cd 

Cd 

(d 

cd 

cd 

Cd 

o 

rH 

o 

o 

rH 

o 

rH 

o 

rH 

o 

rH 

o 

rH 

O 

rH 

cx 

CX 

cx 

CX 

cx 

CX 

a 

a 

a 

a 

a 

a 

u 

Sh 

Ch 

a 

G 

O. 

a 

B 

o* 

B 

Q. 

B 

cx 

cd 

Cd 

cd 

Cd 

Cd 

cd 

cd 

Cd 

Cd 

cd 

cd 

Cd 

<*-. 

c 

Qh 

o 

<« 

o 

o 

<M 

O 

<M 

o 

<M 

o 

*-3 

*-D 

•H 

07 

07 

07 

07 

07 

07 

o 

OQ 

0> 

07 

Cli 

07 

Q 

07 

(X 

07 

PH 

07 

VU 

07 

Q 

h 

cd 

07 

07 

07 

0 

07 

U 

07 

07 

r 

E 

s 

E 

E 

E 

P 

p 

E 

P 

P 

E 

x> 

p 

P 

p 

P 

P 

P 

p 

P 

P 

P 

P 

P 

P 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

rH 

0} 

rH 

rH 

p 

rH 

P 

rH 

p 

rH 

P 

rH 

P 

rH 

P 

Cm 

<M 

Cm 

Cm 

Cm 

Cm 

Oh 

Oh 

Cm 

Oh 

Oh 

0 

«H 

0 

0 

0 

3 

0 

0 

0 

o 

O 

O 

c 

O 

C 

o 

B 

O 

B 

C7 

B 

C7 

B 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

0) 

•tH 

iH 

P 

*H 

•H 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

T? 

TD 

TJ 

TJ 

TO 

•o 

XJ 

'O 

O 

O 

O 

o 

O 

O 

o 

O 

O 

O 

O 

o 

3 

0> 

<U 

TS 

07 

'O 

07 

•o 

07 

*o 

07 

X7 

07 

X? 

;z 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

> 

P 

> 

> 

07 

> 

0) 

> 

07 

> 

07 

> 

0) 

> 

07 

5 

5 

5 

5 

5 

•H 

rH 

•H 

•H 

P 

•H 

P 

*ri 

P 

•H 

P 

P 

P 

P 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

O 

0 

O 

0) 

(d 

07 

cd 

07 

(d 

0) 

(d 

07 

(d 

07 

(d 

•H 

•H 

•H 

*H 

•H 

•H 

•H 

•H 

tH 

•H 

•H 

O 

O 

O 

O 

rH 

C) 

rH 

O 

rH 

C7 

rH 

C7 

rH 

C7 

rH 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

n 

<D 

o 

O 

o 

07 

O 

07 

o 

07 

o 

07 

o 

07 

O 

U 

SL< 

U 

CO 

G 

(0 

G 

CO 

B 

C77 

B 

CO 

B 

CO 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

• 

•H 

*H 

•iH 

•H 

•H 

•H 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

U 

(d 

L. 

U 

U 

G 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

o 

•H  • 

O 

O 

07 

O 

07 

O 

07 

O 

07 

O 

07 

O 

0) 

Cm 

Cm 

<M 

Cm 

<M 

Oh 

Oh 

Oh 

Oh 

Oh 

Cm 

• -tJ 
nJ  3 


*o  *o  *o  *o  *o  *o  *o  *o  *o  *o  *o 

(DOOOOOOOOOOO 

^4->4->4->-P4->4-)4^4^-PP4-> 

cd(dcO(d(d(d(d(OcO(d(d(d 

rH  rH  I— I I— I I— I rH  rH  | i— I i— i rH  i— I 

oooooooooooo 

COOQCQCOCOranOQCOCOCOCO 

MHMHMMMHMHMH 


OO^OOCMt^ 
I I I I I 

CO  VO  VO  VO 
0^  OO  CO  CO  00 


CO 

0 

p 

P 

1 

1 

1 

1 

O 

t— 

B 

O 

Cvl 

■sr 

r— 

CM 

r- 

r— 

CQ 

u 

u 

u 

e— 

CTN 

O 

m 

o 

t- 

T— 

o 

P 

o 

CP 

1 

1 

1 

1 

1 

1 

1 

1 

1 

P 

B 

1 

xr 

O 

r— 

O 

00 

IP 

00 

P 

o 

o 

o 

o 

■:d' 

■sa- 

■sa- 

o 

o 

o 

0 

•H 

VO 

O 

t- 

O 

O 

t- 

■=r 

r- 

r- 

r— 

O 

< 

< 

«3J 

< 

t- 

t- 

t- 

t- 

t- 

<a: 

< 

< 

P 

07 

•H 

P 

oo 

cd 

Cd 

CO 

00 

co 

00 

CO 

00 

B 

B 

B 

B 

B 

cd 

cd 

Cd 

cd 

cd 

cd 

ed 

cd 

ed 

cd 

cd 

cd 

B 

P 

07 

07 

07 

07 

07 

07 

07 

07 

07 

07 

07 

:2 

? 

:s 

P 

p 

cd 

cd 

tc 

U) 

bO 

bO 

bO 

CO 

00 

CO 

CO 

CO 

cd 

cd 

cd 

cd 

cd 

cd 

cd 

cd 

cd 

cd 

cd 

cd 

B 

•o 

00 

N 

N 

B 

B 

B 

B 

B 

B 

•tH 

*rl 

•H 

•H 

•H 

N 

CO 

N 

N 

to 

N 

N 

to 

N 

ta 

to 

N 

O 

B 

cd 

•H 

•rH 

0 

0 

0 

0 

0 

0 

07 

07 

07 

07 

07 

•H 

•H 

•H 

*H 

•H 

•H 

•H 

•H 

•H 

•rl 

•H 

•H 

U 

cd 

C&4 

< 

< 

PQ 

CQ 

pq 

Q 

PQ 

PQ 

:s 

< 

< 

«aj 

< 

< 

<u 

< 

< 

<< 

<d 

<c 

H (d 

s 


c 

O M 

*o  S 


MMMMMMMMMMMMMHHHM 

sssssssssssssssss 


•H 

00 

00 

CO 

CO 

OO 

c 

CO 

0 

CO 

CO 

0 

0 

0 

OO 

07 

•rH 

a 

07 

07 

•H 

•H 

•H 

•H 

a 

a 

a 

•rl 

*o 

0 

CO 

•H 

cd 

cd 

3 

B 

CO  X) 

OO 

•H 

•H 

•H 

OO 

07 

P 

B 

rH 

•H 

•H 

o 

O 

3 0) 

3 

rH 

rH 

rH 

3 

•H 

00 

07 

o 

3 

3 

07 

00 

CO 

07  •H 

07 

o 

O 

o 

07  07  07 

07  07 

07 

Oh 

0 

tH 

3 

07 

•H 

Cd 

•tH 

•H 

•H  Oh 

•H 

B 

B 

B 

Cd  Cd  cd 

3 3 

X7 

tH 

CO 

T5 

rH 

B 

>> 

B 

B 

§*5 

T3 

X7 

X3 

>>>.>> 

>>  >. 

Cd 

l3l3 

P 

•H 

3 

3 

rH 

p 

B 

3 

3 

3 

B 

3 

3 

3 3 3 

3 3 

3 

B 

(0 

CO 

•rH 

07 

Cd 

00 

07 

o 

o 

■H  3 

•H 

07 

07 

07 

07  07  07 

07  07 

Cd 

a a 

3 

07 

- B 

3 

3 

X7 

bO 

o 

a 

a 

B 07 

B 

X7 

T3 

T? 

^ ^ 

o 

3 3 

3 

X7 

O 07 

07 

0 

3 ■O 

0 

to  to 

> 

•tH 

^ a 

B 

P 

*> 

•> 

p» 

P -H 

P 

o 

^ (0 

Cd 

P 

P 

P 

o 

o 

P 

P 

P 

P 

P 

P 

P 

C7  O O 

O C7 

o 

B 

P 

m X 

p 

.sa- 

P 

•=a- 

P 

■=r 

sd-  4ia-  ■sr 

■=r  -=j- 

p 

07 

o 

•k 

cd 

Cd 

cd 

O 

•> 

Cd 

Cd 

cd 

cd  cd  cd 

3 3 

cd 

CO 

z 

t-  5 

§ 

■=a* 

p 

CO 

■ST 

oo 

OO 

t-  S 

r— 

.2^ 

■=r  -sa-  43- 

43*  4^ 

p 

t-  t- 

o 

m 


r-  c>j 
t- 
ir>  lo 


CO  ■ST  ir» 

lo  ir>  m 


VO 

tn 


00  avoT-c\iooi3-mvo^-ooavoT-ojmJd*m 
t^oooooocoooooooooooooc^o^a^o^o^o^ 
m ir>  inLOLoininiominminmioiomiomm 


28 


'Crystal  type"  column;  NI,  not  identified;  NC,  no  crystals;  AC,  atypical  crystal  type 


BACILLUS  THURINGIENSIS  CULTURES  MAINTAINED  AT  THE  USDA  LABORATORIES,  BROWNSVILLE,  TEX 
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'Crystal  type"  column:  NI,  not  identified;  NC,  no  crystals;  AC,  atypical  crystal  type. 
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"Crystal  type"  column;  NI,  not  identified;  NC,  no  crystals;  AC,  atypical  crystal  type 
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